Europgisches Paientami 
European Patent Office 
Office europ6en des brevets 



Publlcatton number: 



0113 882 

A2 



® 



@ Application number: 83112566.1 
@ Date of fning: 14.12.83 



EUROPEAN PATENT APPLICATION 

H) lnt.CI»:B23P 19/04 



@ Priority: 22.12.82 us 452242 



@ Date of pubiication of application: 25.07.84 
BuHetin 84/30 



Designated Contracting States: DE FR GB IT KL SE 



ffb Applicant: GENERAL ELECTRIC COMPANY. 1 River 
^ RMd,SchenectadyNewYonc12306(US) 



Inventor: Smashey.Russefl Wayne, 6202 North Shadow 
Hill Way, Lovoland Ohio45141 (US) 
Inventor: Stoffer, Lewis John, 7355 Thompson Road, 
Cincinnati Ohio45247 (US) 



@ Representative: SchUfer. Horst. Dr. European Patent 
Attorney etal, Kai8er8tra8se41. 
D-6000 Frankfurt/Main 1 (DE) 



< 

M 

CO 
CO 

n 



a 

u 



@ Method for producing an article with a fluid passage. 

@ A fluid-cooled article, such as a turbomachinery blading 
member, is provided with a fluid passage by a method of de- 
positing a first material on a work surface of a mandrel by tow 
pressure plasma deposition. A «rst member thus generated te 
separated from the mandrel. In one form, an Inner suifece or 
the first member Is provided with a surface groove. After de- 
positing a sacrificial material in the groove, a cover materialls 
applied to entrap the sacrificial material. Removal of the sacrifi- 
cial material provides the fluid passage. 
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wTTH k FLUID PASSAGE 
Cross R.fete«« " ,„„.^i.. o. s. r»t.nt 

Application SerialJ^o. to 

entitled "^^^'^'^^J appUcatix. ; 

^^^^^^ and concurrently ^^^^43) entitle "Article 
(U.S. patent I^UcatlmS^ - ^^j^.^^,. 

with a Fluid Passage and aopUcations are 

£ i»««-h said copending appi.i»-* 

«olla». an*. ""T^^ Js . blading ...b.t. 
a turb..achl«ry art.cl. s 

A variety o£ .l."" » ^^^^^ ,,4 ,a«s. 
turbln. ."Sine ' "tlcularlr al'- 

c„oU«g '"'''/.rtur.. U ex=.» o« those 

^thstand operation at t..perat« ^^^^^^^^^^ 

„ ,.lcb th. ^;":rch „oUa,. AS .a. 

oporat. s i n has advanced, the coollu, 

„rbln. t '.;„ent have beco.. 

p..sa,es within such c P ^^^^ .i,.c,ol.d 

rbtrrerrvlnes^e those sho. m «• S- 
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Patents 3,628,880-Sniuland et al and 3,628,883- 
Sidenstick et al, the disclosures o£ which are 
incorporated herein by reference. As shown by these 
and other publications, current air-cooling o£ blades 
5 and vanes is accomplished by a complex internal cooling 
passage, generally with holes in a wall connecting the 
internal passage with the blade or vane outer surface 
such as for film cooling. 

While it is difficult to manufacture such complex 
10 structures in relatively large blades and vanes used in 
the larger gas turbine engines, it is extremely 
difficult and very costly to provide such complex 
cooling passages within small blades and vanes, for 
example for use in gas turbine engines which power 
IS helicopters or relatively small aircraft. 

Currently such turbine blades and vanes are 
manufactured predominantly by precision casting 
techniques involving the use of removable casting cores 
which are complex in shape, difficult to manufacture 
20 accurately,, difficult to handle and difficult to 

maintain in position during the casting process. Such 
cores are generally ceramic In nature and core breakage 
has been a common type of failure in these processes. 
Other problems have resulted from core shift, sag, or 
25 both, as a result of the high temperatures and 

sometimes relatively long holding times involved in 
such a casting operation. Such casting problems have 
reduced the efficiency of casting and thereby Increased 
the cost of the cast article. 
30 - SUMMARY OF THE INVENTION 

It is a principal object of the present invention 
to provide an improved and practical method for 
producing a fluid passage in an article such as a small 
blading member without the use of conventional casting 
35 cores* 
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Another object is to provide a method £or 
producing an internal £luid-cooling passage within a 
blading member through the use of a sacrificial 
material disposed within the member and later removed 
to provide the fluid passage. 

These and other objects and advantages will be 
»ore fully understood from the following de^^il''^ 
description, drawing and the examples, all of which are 
fnWed to be representative of rather than in any way 
0 limiting on the scope of the present invention. 

Briefly, one form of the method of the present 
invention includes the steps of providing a mandrel 
Thlch includes a wor. surface on which a first mate al 
is deposited by low pressure plasma deposition. This 
L5 provides a first member having an inner surface m 
contact with the work surface. The first member and 
the mandrel are separated, after which a groove of a 
selected configuration of at least a portion of the 
fluid passage is generated in the inner surface of the 
20 first member. A sacrificial material is then deposited 
in the groove and a cover material is applied over the 
sacrificial material and over at least that portion of 
the inner surface adjacent the sacrificial material to 
provide a preform. The preform can then be shaped, if 
25 required, to approach closely the shape of the 

article. Subsequently, the sacrificial material is 
removed to provide at least a portion of the fluid 
passage. Alternatively, the sacrificial material can 
be deposited on the inner surface rather than in a 
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groove in the inner surface. 

BRIEF DESCRIPTION OF THE DRAWING 
Figure 1 is a perspective view of a removable 



Fiiure 2 is a perspective, partially fragmentary 
3S view of the mandrel of Figure I positioned on > a heated 
mandrel support and receiving deposited material; 
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Figure 4 IS stag ^ 

Figure 5 IS a nember; 

Flgar. « " » *"»" .aterial oyer the 

r.r: r ^^^^^^^^^^^ 

.5 .lr-c,.ll.« '"Tauor. at t»p.r.tu»s greater thaa 
or Iron-baa. superalloys ' ' .now 

ere .« a typ. » "7"" .ul the oarer 

0. - - - - \rpr:;iL .or .u. ^^^^ 

the outer «aU of tl« „,ue suck 

I. U c.»o. u« of ,«a«' or cer-lc 

articles '"""'^^^'^trhi. . " 
„ type castlM '";;;:t;C"chnl,u,. Mter 

the "lost »ai" precision castuw 

casting a" provided to £or fil. 

rhtltr or. li rarrr.n.r.ted hy 
JO cooling. Such holes " ' electrolytic. 

,.rlou. renoval '>""""."f " .ech.nlc.1 
electroch-ical, •^•""t "^"'''."suci t.chnUues. 

drilling, or "'^'"XX"^ "-ful handling Is 
Because the cores are '"«i" ^,,411,, ,r 

35 required, their brealag. either thr 



^«r<i narticularly during the casting 
the casting core, particuAAii./ 

'"".T/oc'e;. for th. fabrication of fr..-»a«din, 

p„ra wa, reported 1. ^'^-'^-^ •J^X'S"^'^ Bro« 
EMlaeerln, Ouarterly m an f .^.^ 

..tH.d "Structur. and '^'^"''"JJ'"ZZ^.,,,. 
M.t.rials". such a technique in»ol»e<l spraying 

, Tartlcles onto a mandrel of suitable ,eo.etry and 
, particles ont convenient 

subsequently, renoving t ^ deposition 

„.ns. one procedure for acco.pU.hing 
is described m detail m ». S. Patent 

"'"•"'-Trh^'rotpr^^^^^^ 
'k^: «tw r, cLuct,* m a io« pressur, 

rber and »•--^::;;»;t^rr:^n1hr ractlc, 

:r:r.erh:rofr -ntun . ^^<^^ 

,0 fori Of low pressure plasna --f ^ -"^^ /^^^^ 

r-;;/ rsr:u;ru,r::r u;t:r«thod prondes 

Unlfiitly better P-^-'^tn^^nube 
t^^th near 100% theoretical density, it wii. 

, :::::«:::: :rthose s^ued - - «: -s":^ 
..thods for «'"-;«/;„Tv : : rtJ- 

oj a .aterlal on a surface inv 
invention may be provided by a variety 

With reference to the drawing. Figure l s^ 

30 perspective view of a "f/ U 1 

"ritrt; ra::;e:ThrL"n:ure i mdude. a 

material, me ni*uui. ..^r^ii work surface 12 

surface 10 comprising " ^ 
and a base work surface U. According 
35 tke present invention, a first ..t.rial such a. 
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work. sutU" pte«»u" tH, £ot» 

<iuick ana ^ ^^^^^^^ to ^ oioveneat 
such .» ji", «hlch at tW. Po^ 

r :r u^-"t^-t , 

,u«ta«»Uy « vie" .It" 

" :rtr/-.« u«.uon ...» ..... » 

« tfTOOves Teptes«* grooves xs 

,.l.ct.d ' 4 „ b. produc.4 1. an ^ 

fluid passage inMno" can t>« 

Sucl .to... »r pa«.m »« ^„ p„,ra».d or 

^riatr 0* can P"'"'* 

„d. r« 
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by electron bea., ot by other .at.ri.l r,.o«l 
processes which .re capable of generating an 
approprutelr configured Indentation In Inner surface 
24 o« first .ember U. .lone or In verloas 

, """rptXred .ethod for generating complex shaped 
grooves or groove p.ttems Is the process o« _ 
photoetchlhg. well ^own .nd used U l"^''"^. 
„«ole .anufacture of certain electrical printed 
clKult'brards uses photoetchlng. In such . process. 
S as U relate, to the present Invention, a .«aX surface 
is coated with . photosensitive «.ulslon which is 
resistant to etchant chemicals. Then portion, of such 
surface are selectively exposed to light, for example 
by projecting an Image ot the groove or groove pattern 
,0 onto tie surface. The emulsion Is developed to provide 
areas with and without emulsion, depending on the 
projected pattern. When the surface is subjected to an 
appropriate chemical etchant solution, those area, 
without emulsion are chemically dissolved to provide 
2S the groove or groove pattern to a selected depth. 
After generation of a groove or pattern of 
groove., a sacrificial material Is deposited or 
positioned m the groove. The s.crlflclal mater al can 
be of a variety of material, which can be removed. 
30 without irreversible damage to such " 

a, by melting, flushing, chemical removal or etching, 
preferential diffusion Into on. or more surrounding 

materials, etc. One form of "'"^^V-Wf J, 
capability Is a metal, for example, nickel or an alloy 
SS of nickel, particularly useful In cooperatio. with the 
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first member in the form of a nickel-base superalloy. 
The nickel can be deposited by such means as electro or 
electroless plating, spray deposition, vapor 
deposition, pressing, etc., using appropriate stop-off 
materials, as required. 

Another form of the present invention includes the 
step of depositing the sacrificial material in the 
selected pattern directly onto surface 24 of member 22 
without the creation of a groove or pattern of 
grooves. The fragmentary, sectional views of Figures 4 
and S show the disposition of sacrificial material 28 
in or on inner surface 24. In Figure 4, for example, 
sacrificial material 28 is disposed in groove 26A of 
Figure 3. 

After disposition of the sacrificial material as 
described above, in or on inner surface 24, a cover 
material is applied over the sacrificial material and 

over at least that portion of the inner surface 
adjacent the sacrificial material to entrap the 
sacrificial material and to provide a preform- This is 
shown in the diagrammatic, partially sectional view of 
Figure 6 wherein first member 22 is disposed on a 
heated member support 30 and a cover material 32 of the 
same or different material from that of the material 
first member 22 is deposited by low pressure plasma 
deposition represented by nozzle 16. In such a 
process, sacrificial material 28 and at least that 
portion of inner surface 24 adjacent sacrificial 
material 28 is covered, thereby entrapping sacrificial 
material 28 between first member 22 and cover material 
32 to provide a preform, shown as 34 in Figure ?• 

The preform then can be shaped, if desired or 
required, to approach' closely the shape of the article 
being produced. Sometimes this is called a 
near-net-shape article. Figure 7 is a diagrammatic, 
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f«rm o€ such shaping. 

upper di. 3> thtough a «or« r p 

."pes pr.£or. f^^^".,. ,,uh .PProacH., 

Closely the shape 4„crib.d a. an 

to exa-pl. ot a «a« «h«h can be u ^^^^^^ 

.bit other operation sue* » .Ub or 

formln.. ..chUl»8. '""'rtUperature. pr.3«t. or 
«Uhout the "//aclal ..terlal I. 

15 their "•""'^""t- ,l^t„, nuahl... ch»lc.l r..o..l 
„.ov.d .ucb as hy i„, o« ot .or. of 

or etchin,. ^"'"'''"^'J^^ L.tUU. etc.. to 
tb. surroundU, or •""^'i ' passaj- 
provide at least a °* .bus produced cau 

^, desired, the hoUow arti 
then be th.r.o-..cbablc.UV P' ..cbanlcal 
desirable ,r.l. conUiurat o" .be 
properties. I. a "nne well ^^^^^ ^^^^^ , 

art. For example, it can .„re stress 

» exposure to beat t. ^^P"''^^ „j „cb processing 
rupture ^«'«';«- ^^tf,: ".ion such as Is described 

directional '"^^^/^^/.^j.. al patented 
U U.S. Patent 3.77Z,o otU-Wo™' 
,o«.b.r 13. » 'tf l sUtlc pressing technlje 

JO co..erclally ."lU"« ^ „„uurglcal structure o£ 
can be used to ''•""f re.oval ol the 

the article. P"*'"""^;., .„cb additional 
aacrlfUlal nnlsb .achlned to a 

processing. /""/.t^.^^, option. «U1 
"rgnUenyresUU-dlntbeart. 



,„lutlo« .ar, tH." ^ a 

0.015 l-ch " ' c<.»«'"»"^ 

a con««lo»al ^ „t.t ^^^^ 

a«d U tW "^•„;\i,cttoP»tiM. carm« 

a support ,„ua^» " ' ... ' 
j5 above-descTi 
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• * o£ low pressure 

^^''^'rZ^^^^ "r;e^t-er surface . 

''''^\'ZX^^^^ :Ual to provide a 

over at U^s j^^ial \ . ,acri£icial 

Undesitaoi ^^.gage after r« .^cture 

solution '»""fj iw.""™ „i .x..pl"- 

tn connection sitii-^ 
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CLAIMS 



What is claimed is: . , u-u 

1. In a method for producing an article which 

includes a fluid passage, the steps of: 

a) providing a mandrel including a work 
surface; 

b) depositing a first material on the work 
surface by low pressure plasma 
deposition to provide a first member 
having an inner surface in contact with 
the work surface; 

c) separating the first member and the 
mandrel; 

d) generating in the inner surface of the 
first member a groove of a selected 
configuration of at least a portion of 
the fluid passage; 

e) depositing a sacrificial material in the 
groove; 

f) applying a cover material over the 
sacrificial material and over at least 
that portion of the inner surface 
adjacent the sacrificial material to 
provide a preform; and then 

g) removing the sacrificial material to 
provide at least a portion of the fluid 
passage. 

2. The method of claim 1 in which the groove is 
generated in the inner surface by photoetchlng. 

3 The method of claim 1 in which a chemical 
material removal solution is circulated through the 
fluid passage to refine the fluid passage. 

4: The method of claim 1 in which, after removal 
of the sacrificial material, the article is 
thermomechanically processed to produce a more 
desirable grain configuration. 
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sacrificial material, v"" r 

th. shape o« the ^^j^^ step o£ 

"'"T °xl r..:h:lt; proauc^., a. artUl. vhich 

— \rpru:::-.trA::;u..« . 

surface; • 
„ depositlnj a first ..t.rlal on th. work 
surface hr lo« pressure pUs.a 
deposition to provide a first .ember 

the work surface; 
c) separating the first «e.ber and the 

mandrel; j- the 

aeposltm. on rt , ,t a 

first member a sacrificial na^ 
selected configuration of at least 
portion of the fluid passage; 
applying a cover --ial o- the 
sacrificial material and over a 
that portion of the inner surface 
adjacent the sacrificial material to 
provide a preform; and then 

• - thm sacrificial material to 

;rr af:.::: . portion o. tn. ...u 
^. m:r:; --j - t^r^- 

material removal solution is circuiai. 
material rcui fluid passage, 

fluid passage to refine the tiuia p 
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' ^ ' vrH after removal 
7 in which, asv 
The method of ciai . , 

applying the ^ ^y^e preform 

/acrif iclai;^;;";;;,,,e. . steps of 

th?pteior« i-^^'^*:',^,; metallurgical 
^0 ^"*''?ostatic pressing to deusxfY 
^ot isostat 
structure of tn 
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